All chemicals were used as received: Iron(III) chloride hexahydrate (99%, Grüssing GmbH), iron(II) chloride tetrahydrate (98%, Alfa Aesar), iron(III) nitrate (99%, UCB Chemie GmbH), ammonia (25%, VWR), hydrochloric acid (37%, VWR), nitric acid (65%, AppliChem), acetone (p.a., VWR), DL-3,4-dihydroxy-phenylalanine (99%, Sigma-Aldrich), myoglobin from equine skeletal muscle (95%, SigmaAldrich), dodecacarbonyl ruthenium (99%, ABCR), sodium hydroxide (99%, ABCR), ethanol (p.a., VWR), chloroform (p.a., VWR), acetone (p.a., VWR), 3-morpholino-propanesulfonic acid (99%, Fluka). Deionized water with a resistance of 0.05 µS/cm was prepared by a Synergy (Millipore) device. All reactions and workup was carried out under ambient air atmosphere unless stated otherwise.
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Metal carbonyls supported on iron oxide nanoparticles to trigger the CO-gasotransmitter release by magnetic heating were dispersed by sonication in dimethyl sulfoxide (DMSO, 2 mL). One drop of this dispersion was placed on holey thin film of amorphous carbon on a copper grid. After a contact time of 5 min the grid was floated on a water surface and held vertically to rinse of the solvent.
Syntheses

Maghemite nanoparticles (Fe 2 O 3 -NPs) (1):
Maghemite-NPs were synthesized by dissolving 3.26 g (16.4 mmol) of iron(II) chloride tetrahydrate and 8.69 g (32.1 mmol) of iron(III) chloride hexahydrate in 380 mL of deionized water and adding dropwise 20 mL of 25% ammonia under vigorous stirring. The black precipitate was sedimentated with a permanent magnet and the supernatant decanted and discarded. Nitric acid (60 mL, 2 mol/L) was added to the solid and stirred for 5 min. After the addition of 60 mL (0.35 mol/L) iron(III) nitrate solution the suspension was heated to reflux for 1 h. The solid was again sedimentated with a permanent magnet and washed twice with 40 mL (2 mol/L) nitric acid and twice with acetone (50 mL each). Finally the solid was dried under vacuum. Yield 2.18 g. A powder X-ray diffractogram confirmed the maghemite phase (Fig. S1 ).
Figure S1
Measured and simulated powder X-ray diffractogram of maghemite Fe 2 O 3 -NPs 1.
D/L-Dihydroxy-phenylalanine-(D/L-DOPA-)functionalized maghemite-NPs (2):
Maghemite-NPs 1 (100 mg) were dispersed in 100 mL of deionized water. D/L-3-(3,4-Dihydroxyphenyl)-alanine (D/L-DOPA) (160 mg) was dissolved in 50 mL of deionized water by sonication. Both solutions were combined and the pH adjusted to 7.4 by addition of an NaOH solution. The solid was sedimentated with a permanent magnet and washed twice with acetone (50 mL each The diameter and its variance of the maghemite-NPs 1 and the D/L-DOPA-functionalized maghemiteNPs 2 were determined from DLS measurements (Fig. S2 ).
Figure S2 DLS curves of particle diameters for maghemite-NPs 1 and D/L-DOPA-functionalized maghemite-NPs 2.
CORM-functionalized maghemite-NPs, CORM@IONP (3):
D/L-DOPA-functionalized maghemite-NPs 2 (95 mg), [Ru 2 Cl 4 (CO) 6 ] 2 (90 mg, 0.18 mmol) and 50 mg of sodium methanolate were dispersed/dissolved under nitrogen atmosphere in 40 mL of methanol. The suspension was heated to reflux for 2 h and the solid was sedimentated with a magnet. After washing three times with acetone (10 mL each) the solid was dried under vacuum. Yield: 80 mg. IR (KBr): ṽ/cm For CORM-3 a facial configuration was found for the Ru(CO) 3 fragment.
3 Detailed IR-spectroscopic investigations on CORM-3 showed a strong pH-dependence of the CO bands concerning their position and number (3 versus 2 bands) (s. " Fig. 9 " from the Johnson publication 3 on p. 7 here in the ESI). In acidic solution the amino-carboxylato chelate ring is opened by protonation of the carboxylate group. In basic solution there is a nucleophilic attack of an OH The maghemite-(Fe 2 O 3 -)NPs are most likely basic on their surface due to the pH adjustment to 7.4 by addition of an NaOH solution upon the preparation of 2 and due to the free amino acid groups. The isoelectric point of phenylalanine is 5.48. The diameter and its variance of the CORM-functionalized maghemite-NPs 3 were determined from TEM pictures (Table S1 , Fig. S4 and Fig. S5 ). The CORM-functionalized maghemite-NPs 3 could not be efficiently dispersed anymore in water for a DLS measurement.
Table S1
Particle diameter (number average) of the CORM-functionalized maghemite-NPs 3.
number of particles with diameter measured 141 average diameter / nm 9 standard deviation  / nm 2
Figure S3
IR-spectra (in KBr) of D/L-dihydroxyphenylalanine, the non-functionalized (1) and functionalized nanoparticles (2 and CORM@IONP, 3).
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Figure S4 TEM pictures of CORM-functionalized maghemite-NPs 3 which were used for the statistical evaluation in Table S1 (Fei Titan 80-300 TEM, ER-C FZ Jülich). , the average mass of such a Fe 2 O 3 -particle is 1.4 · 10 -18 g. The formula mass of Fe 2 O 3 is 159.69 g/mol. Hence, a Fe 2 O 3 -particle of 8 nm average diameter contains about 8.77 · 10 -21 mol. Multiplication with N A = 6.022 · 10 23 mol -1 yields 5300 formula units or ~10600 Fe atoms per particle.
Tri(carbonyl)-chlorido-phenylalaninato-ruthenium(II), (4):
The necessary surface area of a catecholate, that is, dioxyphenylalaninato ligand was estimated as the circular area of a benzene ring (0.28 nm 2 ). The ligand size estimation is based on a perpendicular attachment mode of the catecholate, C 6 H 3 R(o-O 2 ) 2-to the surface and its rotational projection. In this it will cover approximately the size of a benzene ring, C 6 H 6 , taking into account the van-der-Waals radii of the H-atoms. Thus, 201 / 0.28 = 717 or ~700 dioxyphenylalaninato ligands could theoretically be coordinated to an 8 nm Fe 2 O 3 -particle. ICP-MS measurements yielded a molar Ru : Fe ratio of 1 : 25. This corresponds to about 400 Ru-atoms per particle. Hence, the surface area coverage of an 8 nm Fe 2 O 3 -particle with CO-releasing Rumolecules is 400 / 700 or about 57% based on the estimated number of dioxyphenyl-alaninato ligands.
More dioxyphenyl-alanine ligands than needed for the CORMs can still be present as the RuCl(CO) 3 -fragment is coordinated to the already surface bound dioxyphenylalanine ligand in the D/L-dihydroxyphenylalanine-(D/L-DOPA-)functionalized maghemite-NPs 2.
(a) (b) (c) wavenumber / cm -1 Fig. S6-2 The carbonyl region of the IR spectrum of [Ru(CO) 3 Cl(phenylalaninato)], 4 with different NaOH equivalents: (a) 4+0.5eq. NaOH, (b) 4+1.0 eq. NaOH and (c) 4+1.5eq. NaOH; all as KBr pellets.
Magnetic properties of maghemite-(Fe 2 O 3 -)NPs:
The magnetic properties of maghemite-NPs were determined by Vibrating Sample Magnetometry (VSM). The EV7 system of ADE Magnetics Co. consists of a 3472-70 electro magnet of GMW Magnet Systems Co. with a maximal field strength of 2.8·10 8 A·m -1 and a vibrating inducer with a frequency of 75 Hz. For each sample a hysteresis curve was measured from -1.59·10
6 A·m -1 to 1.59·10 6 A·m -1 (Fig. S7) . The saturation magnetization M s and the starting susceptibility χ ini of the maghemite-NPs were determined from this hysteresis curve. From these values and the volume-based saturation magnetization M 0 of maghemite (3.9·10 5 A·m -1
) the volume-averaged magnetic particle diameter (d v/a ) of the maghemite-NPs can be calculated (Table S2 ). In addition, the saturation magnetization yields the mass fraction μ mag of maghemite (Fe 2 O 3 ) in dispersed as well as dried nanoparticles (Table S2 ).
Figure S7
Hysteresis curves of maghemite-NPs 1 (normalized to the saturation magnetization); black as particle dispersion in H 2 O, red as dried, solid powder. = volumeaveraged magnetic particle diameter. b Fuid sample as particle dispersion in H 2 O; therefore the units for M s and χ ini are volume-based. c For the fluid sample, that is, particle dispersion in H 2 O the whole dispersion was measured including the solvent. The value of μ mag corresponds to the mass fraction of Fe 2 O 3 in this dispersion and, therefore, is different and much smaller than the value for the (pure) solid sample of 2. d Sample as dried, solid powder with mass-based units for M s and χ ini .
Determination of CO-release with a myoglobin assay:
UV/Vis-spectra were collected on a Specord S 100 UV/Vis-spectrometer of Analytik Jena Co. This work was carried out under nitrogen or argon and with thermostated cuvettes. The stock solution was prepared from 20 mg (1.17 µmol) myoglobin, dissolved in 13 mL 3-(Nmorpholino)-propanesulfonic acid buffer (0.1 mol/L, pH 7.4) and reduced with sodium dithionite (Na 2 S 2 O 4 , 100 mg, 0.575 mmol, corresponding to a concentration of 44 mmol/L). The cuvette was charged with a counter flow of inert gas with 1.4 mL of the myoglobin assay solution and 1.5 mg of CORM-functionalized maghemite-NPs 3. The intensity change of the absorptions bands of myoglobin between 500-700 nm was followed as a function of time with and without alternating magnetic field (Fig. S8, S9 ). For the measurements in the alternating magnetic field, the thermostated cuvette was placed in the coil of the alternating current (AC) generator (Fig. S10) .
Figure S8
Typical change of the absorptions bands of myoglobin between 500-640 nm during the CO-release from 3, here with alternating magnetic field (247 kHz, 31.7 kAm -1 , 39.9 mTesla) at 25 °C. Intensity changes were followed at 541, 556 and 578 nm.
(a) (b) Figure S9 Typical CO-release curves with a myoglobin assay from CORM@IONP, 3 at 25 °C. (Additional CO-release curves from three other experiments are shown on the next page). In (b) a first-order rate law is assumed for the plot of ln(A oo /(A oo -A(t)) versus time. Empty symbols (): without field; filled symbols (▲): with alternating magnetic field; blue symbols (,▲): change in the intensity at 541 nm; red-brown symbols (,▲): change in the intensity at 556 nm; green symbols (,▲): change in the intensity at 578 nm. From Fig. 2a in the publication and Fig. S8 it is evident that the decrease in intensity of the middle band at 556 nm (red-brown symbols in Fig. 2b and Fig. S9a ) is partially compensated by the increase in intensity of the overlain outer bands at 541 and 578 nm. The overlap intensifies with time as the two outer bands grow. Hence, at longer release times the middle band and the kinetic curve derived there from cannot be used for evaluation. To a smaller extend this is also the case for the two outer bands whose intensity increase is compensated by the decrease in the middle band. A deconvolution of the three bands was not possible. We therefore concentrated on the starting rate within the first 1000 s for the derivation of the kinetic data, (Fig. S9b) . a The half-life for CO-release from CORM@IONP, 3 decreases with increasing temperature; at 30 °C t ½ = (11 ± 1) min and at 40 °C t ½ = (5 ± 1) min (each without magnetic field).
Figure S10 Thermostated cuvette in the coil of the alternating current (AC) generator.
After the CO-release experiment with the myoglobin assay with and without alternating magnetic field IRspectra in KBr were measured for CORM@IONP, 3. Two bands remained for the CO stretching vibrations (Fig. S11) . The IR spectra of reacted CORM@IONP show two bands at 2060 and 1986 cm -1 which are either indicative of remaining CORM@IONP, 3 or of a cis-Ru(II)(CO) 2 fragment bound to protein. It has been proven in a recent study that the interaction of CORM-3 with proteins results in the loss of the chloro, glycinato and one CO ligand. The rapid formation of stable adducts between the protein and the remaining cis-Ru(II)(CO) 2 fragments was confirmed by different methods, including IRspectroscopy.
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Figure S11 IR-spectra (in KBr) of the CO-stretching region of CORM@IONP, 3 and after the COrelease experiment with and without alternating magnetic field.
The half-life for the CO-release from the tri(carbonyl)-chlorido-phenylalaninato-ruthenium(II) model compound 4 was determined to (2.7±0.2) min and (3.0±0.4) min without and with alternating magnetic field, respectively (Fig. S12 ). These two half-lives are consistent within experimental error, hence, there is no effect of the alternating field on a Ru(CO) 3 fragment in a non-magnetic complex.
(a) (b) Figure S12 Typical change of the absorptions bands of myoglobin between 500-600 nm during the COrelease from 4, (a) with no and (b) with alternating magnetic field (247 kHz, 31.7 kAm -1 , 39.9 mTesla) at 20 °C. Intensity changes for the kinetic evaluation were followed at 541, 556 and 578 nm (arrow positions).
The myoglobin assay is carried out with the use of sodium dithionite, Na 2 S 2 O 4 as reducing agent. To test for such an influence of dithionite, we have carried out the myoglobin assay as described above with different sodium dithionite concentrations (44 mmol/L, 88 mmol/L und 176 mmol/L). No significant deviation of the half-lives was found for the CO-release ( Figure S13 ). Different from a recent literature report 6 we have not seen a significant influence of the amount of dithionite onto the rate for the COrelease from 3. We note that we have used in our study a high excess of sodium dithionite over myoglobin (Mb) with molar ratios of Na 2 S 2 O 4 : Mb from 500 : 1 up to 2500 : 1 for the three dithionite concentrations. In the literature6 the molar ratio Na 2 S 2 O 4 : Mb was varied from 3 : 1 to 90 : 1. In this range a significant rate enhancement for the CO-release was found at higher dithionite ratios. 
